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(57) ABSTRACT

An automotive headlamp apparatus 1s provided with a light
source for producing a high beam and a controller for con-
trolling 1llumination from the light source. Given that at least
a portion of a high beam 1llumination area 1lluminated by the
light source 1s vertically divided into a plurality of blocks, the
controller controls 1llumination from the light source such
that a plurality of first regions having a predetermined hori-
zontal width are formed at least 1n some of the blocks toward
the bottom, and that a second region having a greater hori-
zontal width than the first regions 1s formed 1n the block
toward the top.
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AUTOMOTIVE HEADLAMP APPARATUS
AND METHOD OF CONTROLLING
AUTOMOTIVE HEADLAMP APPARATUS

WHERE HIGH BEAM ILLUMINATION AREA
IS CONTROLLED

CROSS-REFERENCES TO RELAT
APPLICATIONS

T
.

This application claims priority from Japanese Application
No. 2008-018378, filed Jan. 29, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automotive headlamp
apparatus and a method of controlling an automotive head-
lamp apparatus, and, more particularly, to illumination con-
trol using a light source for high beam illumination.

2. Description of the Related Art

Generally, an automotive headlamp apparatus 1s provided
with a light source for high beam 1llumination used for emit-
ting an upper beam and a light source for low beam 1llumi-
nation for emitting a lower beam. Of these, a high beam 1s
required to provide distant 1llumination with the maximum
brightness permitted within the brightness range defined in
the relevant law. Meanwhile, care should be taken so that
oncoming vehicles, vehicles 1n front, or pedestrians do not
experience an uncomiortable glare. A low beam forms a light
distribution pattern that allows for reduction of glare. A high
beam, on the other hand, forms a light distribution pattern that
gives priority to ensuring a field of view for the driver and
does not allow for reduction of glare as much. In this regard,
an automotive headlamp apparatus 1s provided with a switch
for switching between the low beam mode and the high beam
mode. The driver selects one of the beam modes depending on
whether there are oncoming vehicles or pedestrians, indicat-
ing whether to give priority to securing the field of view by
using the low beam light source and the high beam light
source or to prevention of glare by using only the low beam
light source.

There 1s also proposed an automotive headlamp apparatus
in which a single lamp unit forms a plurality of light distri-
bution patterns. For example, the i1llumination device dis-
closed 1n JP 2001-266620 1s provided with a large number of
semiconductor light sources arranged 1n a matrix. The large
number of semiconductor light sources are individually con-
trollable and form different partial regions. The semiconduc-
tor light sources are individually controlled as needed to form
a desired light distribution pattern and allow switching
between the low beam mode and the high beam mode.

For example, drivers use a high beam because they feel that
information indicating the pattern of the road far ahead,
whether there are obstacles, or whether there are oncoming,
vehicles or pedestrians 1s not suificient only by using a low
beam while driving at night and so aim to obtain as much
information as possible. Meanwhile, care should be taken not
to let oncoming vehicles, vehicles 1n front, or pedestrians
experience a glare. As mentioned before, the related-art head-
lamp apparatus 1s configured to entirely turn off a high beam
light source 1n order to reduce a glare. In this case, the func-
tion of a high beam 1s temporarily prevented from being
exhibited. We have come to be aware that there 1s a room for
improvement 1n view of the driver’s need for a sufficient field
of view. Having to entirely turn on and oif a high beam also
makes drivers reluctant to use 1t on city streets.
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The i1llumination device disclosed i JP 2001-26620 1s
capable of forming a plurality of light distribution patterns
using a large number of semiconductor light sources arranged
in a matrix and so 1s capable of more meticulous 1llumination
control than just turning on and off a high beam. However, the
1llumination device disclosed in JP 2001-26620 requires con-
trolling a large number of semiconductor light sources indi-
vidually to form partial regions that define desired light dis-
tribution patterns. Accordingly, the number of control lines
would be enormous and control would become complicated.
Moreover, requirement for a large number of semiconductor
light sources results in an 1increase 1n the cost for components
and complexity of assembly.

SUMMARY OF THE INVENTION

The present invention addresses the alorementioned prob-
lem and the general purpose thereot 1s to provide an automo-
tive headlamp apparatus having a simple structure whereby
illumination 1s controlled such that oncoming vehicles,
vehicles 1n front, or pedestrians do not experience a glare
while a high beam 1s being emitted, and a sufficient field view
1s enjoved using a high beam.

In order to address the problem, at least one embodiment of
the present invention provides an automotive headlamp appa-
ratus comprising a light source for producing a high beam:;
and a controller for controlling the 1llumination from the light
source, wherein, given that at least a portion of a high beam
illumination area illuminated by the light source 1s vertically
divided 1nto a plurality of blocks, the controller controls 1llu-
mination from the light source such that a plurality of first
regions having a predetermined horizontal width are formed
at least 1n some of the blocks toward the bottom, and that a
second region having a greater horizontal width than the first
regions 1s formed 1n the block toward the top.

In order to address the problem, at least one embodiment of
the present mvention provides a method of controlling an
automotive headlamp apparatus for controlling i1llumination
from a light source for producing a high beam, comprising:
vertically dividing at least a portion of a high beam 1llumina-
tion area i1lluminated by the light source into a plurality of
blocks; controlling i1llumination from the light source such
that a plurality of first regions having a predetermined hori-
zontal width are formed at least 1n some of the blocks toward
the bottom, and that a second region having a greater hori-
zontal width than the first regions 1s formed 1n the block
toward the top; and, when an object that requires reduced
illumination 1s found 1n the high beam illumination area, the
portion of the high beam illumination area corresponding to
the location occupied by the object 1s turned off.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which are
meant to be exemplary, not limiting, and wherein like ele-
ments are numbered alike 1n several Figures, 1n which:

FIG. 1 1s a schematic diagram showing the structure of an
automotive headlamp apparatus according to the embodi-
ment,

FIGS. 2A-2C are perspective views illustrating the appear-
ance of light source units of the automotive headlamp appa-
ratus according to the embodiment, the layout of light paths,
and the shape of front end beam outlets formed at the end of
the light path;

FIGS. 3A-3D show the eye movement of a driver driving a
vehicle;
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FIGS. 4A-4D show how light from the light source units of
the automotive headlamp apparatus according to the embodi-

ment 1s combined;

FIGS. SA-5D show how light from the light source units of
the automotive headlamp apparatus according to the embodi-
ment 1s combined:

FIGS. 6 A-6D show how light {from the light source units of
the automotive headlamp apparatus according to the embodi-
ment 1s combined:;

FIG. 7 1s a functional block diagram showing the structure
of a headlamp apparatus controller of the automotive head-
lamp apparatus and of a vehicle controller of a vehicle;

FIG. 8 shows a light distribution pattern projected by an
1llumination area formed by the vehicle headlamp apparatus
according to the embodiment;

FIGS. 9A-9D show superimposing an image onto a portion
not illuminated by the automotive headlamp apparatus
according to the embodiment;

FIG. 10 1s a schematic diagram showing an alternative
structure of the automotive headlamp apparatus according to
the embodiment; and

FIG. 11 shows an example of a shielding member used in
the automotive headlamp apparatus of FIG. 10.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present invention, but to exemplify the mnvention.

A description will be given, with reference to the drawings,
of an embodiment embodying the present invention.

The automotive headlamp apparatus according to the
embodiment 1s provided with a light source for producing a
high beam and a controller for controlling the i1llumination
from the light source. Given that at least a portion of a high
beam 1llumination area illuminated by the light source 1s
vertically divided into a plurality of horizontally extending,
blocks (hereinafter, referred to as blocks), illumination 1s
controlled such that a plurality of first regions having a pre-
determined horizontal width are formed at least in some of the
blocks toward the bottom, and that second regions having a
greater horizontal width than the first regions are formed 1n
the block toward the top.

Lamps of various types including halogen lamps, dis-
charge lamps, and semiconductor light emitting devices may
be used as the high beam light source. The controller may
simply turn on and off the light source or controls the amount
of light 1n addition to on and off control. Given that at least a
portion of a high beam illumination area 1s vertically divided
into a plurality of blocks, the controller forms first regions
having a predetermined horizontal width at least 1n some of
the blocks toward the bottom. The number of vertical parti-
tions will be arbitrary so long as at least two partitions are
provided. The high beam i1llumination area may be vertically
divided over the entirety of 1ts width. Alternatively, a portion
of the area may be divided. When a portion 1s divided, it 1s
desired that the vicinity of the center of the high beam 1llu-
mination area be included in the partitioned regions. Prefer-
ably, “a predetermined width™ 1s equal to or greater than the
mimmum width that can viably represent an 1llumination area
of a headlamp apparatus. The minimum width may be defined
as a width capable of illuminating a vertical screen set up at
the distance of 100 m in front with a width having substan-
tially equal to the width of a passenger vehicle located at the
distance of 100 m 1n front on a traffic road.

The controller also forms second regions having a greater
horizontal width than the first regions 1n the block toward the
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top of the high beam 1llumination area. One of the things to be
considered 1n illumination control by the controller 1s to
ensure that oncoming vehicles, vehicles 1n front, or pedestri-
ans do not experience a glare, for example. This consideration
1s particularly necessary in high-beam illumination. We have
repeated experiments and found that oncoming vehicles or
pedestrians approaching from far ahead are located in the
vicinity of the horizontal line, 1.e., toward the bottom of the
high beam illumination area. Similarly, vehicles running in
front are generally found to be located 1n the vicinity of the
horizontal line. As the oncoming vehicle traveling 1n left-
hand traffic approaches the driver’s vehicle, the vehicle 1s
displaced rightward along the horizontal line from the inter-
section, on the hypothetical vertical screen, of the vertical line
and the horizontal line. The degree of displacement becomes
higher, as the vehicle approaches the driver’s vehicle. In other
words, given that a high beam 1llumination area 1s vertically
divided 1nto a plurality of blocks, the high beam 1llumination
area 1n which reduction of glare should be of concern would
be a block or blocks located toward the bottom. Therefore,
glare, as experienced by oncoming vehicles, vehicles 1n front,
or pedestrians moving relative to the driver’s vehicle, can be

reduced 1n an easy and meticulous manner, by exercising
illumination control whereby a plurality of first regions,
which are formed 1n blocks toward the bottom of the high
beam illumination area and in which oncoming vehicles,
vehicles 1n front, or pedestrians are likely to be located, are
individually turned off. Since the horizontal width of the first
region 1s relatively small, such control does not unduly
restrict the extent of the high beam illumination area. Conse-
quently, a sufficiently large high beam 1llumination area 1s
secured so that the driver can enjoy a field of view, even 11
illumination control whereby lamps are selectively turned off
for reduction of glare 1s performed.

Oncoming vehicles, vehicles 1n front, or pedestrians are
less likely to be found 1n the upper blocks of the high beam
illumination area and so need not be controlled to be turned on
and off frequently. In this regard, the controller forms the
second regions toward the top of the high beam 1llumination
area such that the second regions have a greater width than the
first regions 1n blocks. This ensures that the number of parti-
tions into regions toward the top of the high beam 1llumina-
tion area 1s smaller than the number of partitions into regions
toward the bottom so that illumination control 1s simplified.
The number of control lines for controlling light source for
forming the second regions 1s also reduced so that the struc-
ture of the automotive headlamp apparatus 1s stmplified. This
will also facilitate reduction of the number of components.

FIG. 1 1s a schematic diagram showing the structure of an
automotive headlamp apparatus 10 according to the embodi-
ment. As shown in FIG. 1, a lamp body 12 and a transparent
cover 14 of an automotive headlamp apparatus 10 form a
substantially sealed space. Inside the space are provided a low
beam lamp unit 16 and a plurality of high beam lamp units
18a, 185, and 18c¢. Since the basic structures of the high beam
lamp units 18a, 185, and 18¢ are substantially the same, the
units may be referred to as high beam lamp units 18 1f there 1s
no need to distinguish between the units individually or if
plural units are referred to. In the case of the embodiment,
three high beam lamp units 18 are provided by way of
example. A hypothetical vertical screen located on a traflic
road at the distance of 25 m ahead and including a vertical line
V and a horizontal line H will be considered. The illumination
areas formed by the low beam lamp unit 16 and the high beam
lamp units 18 are projected as light distribution patterns on
the hypothetical vertical screen. Specific light distribution




US 7,918,594 B2

S

patterns formed by the low beam lamp unit 16 and the high
beam lamp units 18 will be described later.

The low beam lamp unit 16 1s a parabola lamp unit having
a reflector 20 formed by using a paraboloid of revolution as a
reference. In the case ol FI1G. 1, the low beam lamp unit 16 1s
provided more toward the side of the vehicle than the high
beam lamp units 18. For example, incandescent lamps, halo-
gen lamps, discharge lamps, LEDs, neon tubes, and laser light
sources may be used as light sources for the headlamp. In this
embodiment, a bulb 22 embodied by a halogen lamp 1s shown
by way of example. The bulb 22 1s fastened to an opening,
formed substantially at the center of the retlector 20 and 1s
supported by the lamp body 12. The low beam lamp unit 16
may be provided with an light axis adjustment mechanism
(not shown) so that the light axis 1s adjusted depending on the
orientation of the vehicle. A shade 24 1s provided 1n front of
the bulb 22. The shade 24 has the function of cutting direct
light projected forward from the bulb 22 and eliminates the
cause that let oncoming vehicles, vehicles 1n front, or pedes-
trians experience uncomiortable glare. The shade 24 may be
secured to the retlector 20 by using a supporting member such
as a bracket. Instead of providing the shade 24, a mask may be
tormed by treating the surface of the end of the bulb 22 so that
the mask provides the same function as the shade 24.

In the case of the low beam lamp unit 16, a distinct bright-
dark border, 1.e., a so-called cut-oif line, 1s provided that
defines the upper limit of the light distribution. The cut-off
line marks a border between a bright area below the cut-oif
line and a dark area above the cut-oif line. The cut-oif line
used 1n, for example, an area with left-hand traffic includes a
right portion, a central portion, and a left portion. The right
portion, extending horizontally on the right side of the vehicle
below the horizontal line passing through the light axis, and
the left portion, extending horizontally on the leit side of the
vehicle slightly above the right portion, are joined by the
central portion inclined upward to the left. The inclination of
the central portion 1s, for example, 45°. In the case of the
parabola lamp unit as shown in FIG. 1, a shade for forming a
cut-oif line may be built 1n the bulb 22. In the case of a
projector lamp unit having a convex lens 1n front of a light
source, a shade for forming a cut-oif line 1s provided between
the reflector and the convex lens so that the shape of the end
ol the shade 1s projected onto the hypothetical vertical screen.

In the case of the embodiment, the plurality of high beam
lamp units 18a, 185, and 18c¢ are provided more toward the
center of the vehicle than the low beam lamp unit 16. The high
beam i1llumination area 1s formed by combining 1llumination
areas 1rradiated by light emitted by the high beam lamp units
18a, 18b, and 18¢ so as to form a predetermined light distri-
bution pattern on the hypothetical vertical screen. As men-
tioned belfore, the basic structures of the high beam lamp units
18a, 185, and 18¢ are substantially the same. Therefore, the
structure will be explained by taking the high beam lamp unit
18a as an example. Light source units 27 included 1n the high
beam lamp unit 18 have the same basic structures, the ditter-
ence being in the shape, position, and number of front end
beam outlets 2856. Therefore, the units will be referred to as
light source units 27a, 275, and 27 ¢ 11 distinction 1s required.
Otherwise, the units may be referred to as light source units
27.

The high beam lamp unit 18a comprises a projection lens
26, a light source unit 27a, and a holder 30. The high beam
lamp unit 18a, which includes the light source unit 274, 1s
configured to bend a light path 28a formed inside the light
source unit 27a a plurality of times to ensure that light 1s
reflected a plurality of times before being transmitted through
the light path 28a, thereby ensuring uniform brightness of the
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light emitted. The lamp unit of this type may be referred to as
a reflection type projector lamp unit.

The projection lens 26 1s provided on a light axis extending
in the longitudinal direction of the vehicle. The light source
unit 27a 1s provided behind the back focal plane including the
back focal point of the projection lens 26. The holder 30
supports the projection lens 26 and the light source unit 274
and 1s secured to the lamp body 12 using a bracket (not
shown). The high beam lamp unit 184 may be provided with
a light axis adjustment mechanism for adjusting the light axis.

The projection lens 26 1s embodied by a planoconvex
aspheric lens having a convex front surface and a planar back
surface. The lens 26 projects an 1image of a light source
formed on the back focal plane onto the hypothetical vertical
screen 1n front of the lamp as an inverted 1mage.

Inside the light source unit 27a are formed a plurality of
light paths 28a which are, for example, mirror-finished. A
plurality of light emitting devices are provided as individual
light sources on a device substrate 32 provided in the vicinity
of the rear end of the light source unit 27a, orniginating the
light paths 28a. The light from each light emitting device 1s
directed to the front end beam outlet formed at the front end
of the light source unit 27a and emitted toward the projection
lens 26. The structure of the front end beam outlet will be
described later. A heat sink plate 34 1s provided on the back of
the device substrate 32 provided in the vicimity of the rear end
of the light source unit 27a so that heat generated as a result of
driving the light emitting devices 1s elliciently dissipated. By
configuring the first regions and second regions using 1ndi-
vidual light sources, 1t 1s ensured that only as many power
supply lines and signal lines as there are first regions and
second regions need be provided. Thus, the structure of light
sources and control thereof are simplified accordingly. While
FIG. 1 shows a single, large device substrate 32, there may be
provided individual device substrates for carrying light emait-
ting devices embodying individual light sources correspond-
ing to respective light paths 28a.

In addition, an extension 36 for improving the front appear-
ance of the headlamp 1s provided 1n the automotive headlamp
apparatus 10. The extension 36 1s a substantially box-shaped
member provided to cover a gap between the low beam lamp
unit 16 and the lamp body 12, a gap between the high-low gap
and the lamp body 12, and a gap between the high beam lamp
umt 18 and the lamp body 12. The extension 36 usually has a
reflecting surface.

FIGS. 2A-2C are perspective views 1llustrating the appear-
ance of the light source units 27a, 275, and 27¢, the layout of
the light paths 28a, and the shape of the front end beam outlets
28b formed at the front end of the light paths 28a. In each light
path 28a 1s provided a light emitting device as an individual
light source. Each light emitting device 1s controlled to be
turned on and off. As mentioned before, in the case of the
embodiment, the light emitted by the three high beam lamp
units 18a, 185, and 18¢, 1.¢., from the light source units 27a,
27b, and 27¢ 1s combined so as to form a desired high beam
1llumination area and form the light distribution pattern on the
hypothetical vertical screen.

We have conducted experiments to track the movement of
the eyes of a driver driving a vehicle and found that the
characteristic movement as shown 1n FIGS. 3A-3D 1s exhib-
ited. FIGS. 3A-3C show the eye movement on a hypothetical
vertical screen set up in front of a vehicle driving on city
streets 1n an area with left-hand tratfic, where solid lines
indicate the movement of eyes as the driver detects an oncom-
ing vehicle and broken lines indicate the movement of eyes as
the driver detects a pedestrian. It will be noted that an oncom-
ing vehicle or pedestrian approaching from far ahead 1s first
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noticed at the itersection of the vertical line V and the hori-
zontal line H on the hypothetical vertical screen. The eyes that
catch an oncoming vehicle traveling 1n left-hand traffic will
move upward to the right along the horizontal line H as the
oncoming vehicle approaches the driver’s vehicle. The eyes
that catch a vehicle located to the left of the driver’s vehicle
(e.g., a vehicle parked on a roadside) or a pedestrian located
on a roadside to the left or on a sidewalk move upward to the
left along the horizontal line H as the vehicle or the pedestrian
approaches the driver’s vehicle. FIG. 3D shows the move-
ment of eyes catching an oncoming vehicle as the driver 1s
driving on a highway. In this case, the eyes of the driver also
move upward to the right along the horizontal line H as the
oncoming vehicle approaches the driver’s vehicle. Since the
vehicle 1n front remains 1n the vicinity of the intersection of
the vertical line V and the horizontal line H, the eyes catching
the vehicle 1in front remain relatively static around the inter-
section of the vertical line V and the horizontal line H.

Accordingly, to ensure that oncoming vehicles, vehicles 1n
front, or pedestrians do not experience a glare when the digd
beam lamp unit 18 1s turned on, the lower portion of the high
beam 1llumination area in the vicinity of the horizontal line H
need be meticulously controlled to be turned on and off in
adaptation to the movement of an oncoming vehicle or a
pedestrian. We have also found that the upper portion of the
high beam illumination area need only be subject to simple on
and off control, or the high beam may remain turned on,
because oncoming vehicles, pedestrians, or the like are less
likely to be found in the upper portion.

Thus, according to the embodiment, at least a portion of the
high beam 1llumination area irradiated by the light emitted by
the high beam lamp units 18 1s vertically divided into a
plurality of bocks. A plurality of {irst regions having a prede-
termined horizontal width are formed at least in some of the
plurality of blocks produced by division toward the bottom,
and second regions having a greater horizontal width than the
first regions are formed in the block toward the top so that the
regions are subject to individual 1llumination control. More
specifically, the lower blocks of the high beam illumination
area, 1n which oncoming vehicles or pedestrians are likely to
be found, are subject to 1llumination control whereby the first
regions having a smaller width are frequently turned on and
olf 1n adaptation to the movement of the oncoming vehicle or
pedestrian, so that glare 1s not experienced less. By thus
subjecting the first regions having a smaller width to on and
off control and minimizing the number of regions turned off,
a sullicient field of view 1s secured for the driver while a high
beam 1s being turned on. The second regions having a greater
width than the first regions are formed 1n a block toward the
top where oncoming vehicles or pedestrians are less likely to
be found. Thus, by performing 1llumination control so that the
second regions have a greater horizontal width than the first
regions, the number of divisions in the high beam i1llumina-
tion area in the width direction 1s ensured to be smaller than
that of blocks toward the bottom. As a result, a large high
beam illumination area 1s formed using simple 1llumination
control so that a large area 1s 1lluminated by a high beam. As
a result, a sullicient field of view 1s secured for the driver.
Since the number of light sources subject to control 1s
reduced, the number of power supply lines and control lines 1s
reduced and the structure of the high beam lamp unit 18 1s
simplified accordingly. The light sources forming the first
region may produce the same amount of light as those of the
second regions. Alternatively, light sources dedicated to the
respective regions may be used. Since the second regions
have a larger width than the first regions, the associated
brightness on the hypothetical screen would be lower 11 the
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light sources producing the same amount of light are used.
However, brightness suificient to notice tratfic signs will still
be provided.

A description will be given, with reference to FIGS.
2A-2C, of the structure of the light source unmits 27a, 275, and
277¢c that allow 1llumination control for forming the first and
second regions subject to mdividual on and off control as
described above. Inthe case of FIGS. 2A-2C, for formation of
the first and second regions in two vertically separated blocks,
a plurality of front end beam outlets 285 are provided 1n the
light source units 27a, 27b, and 27¢, forming a plurality of
blocks 1n the vertical direction. The light paths 284 that direct
the light forming the first and second regions are 1solated from
cach other by partitions so as to ensure that individual regions
are clearly defined. It 1s not desirable, however, 11 a shadow
produced by the partitions presents itself in the high beam
illumination area produced by the combination of regions,
because 1t would result 1n poorer quality of illumination. As
shown 1 FIGS. 2A-2C, this 1s addressed by providing the

front end beam outlets 285 of the individual light source units
27a, 27b, and 27 ¢ such that the outlets 285 are not 1n contact
with each other horizontally or vertically. Further, by fine
tuning the light axes of the light source units 27a, 275, and
277c, the shadow portion produced by a given one of light
source units 27a, 27b, and 27¢ 1s canceled by the light from
the front beam outlet 285 of another of the light source units
27a, 27b, and 27c¢. In other words, a high beam i1llumination
area 1s formed such that the shadow of the light paths 28a 1s
not reflected 1n the combined light from the three light source
units 27a, 276, and 27c.

FIGS. 4A-4D show how the light from the light source
units 27a, 2756, and 27¢ shown 1n FIGS. 2A-2C 1s combined.
FIGS. 4A-4D illustrate an example of forming a high beam
illumination area by combining individual 1llumination areas
formed by the three high beam lamp units 18, 1.e., the light
source units 27a, 275, and 27¢. The high beam i1llumination
area 1s divided 1nto two vertically separated blocks. The hori-
zontal width of each of the second regions 1n the upper block
1s greater than the horizontal width of each of the first regions
in the lower block. The horizontal width of the first region
may be defined as a width capable of 1lluminating a vertical
screen set up at the distance of 100 m 1n front with a width
having substantially equal to width of a passenger vehicle
located at the distance of 100 m 1n front on a tratfic road. FIG.
4A shows a high beam i1llumination area 38 produced when
the three high beam lamp units 18 are entirely turned on.
Referring to FI1G. 4 A, first regions 38a and 385 are formed 1n
the lower block. As mentioned before, the lower portion of the
high beam 1llumination area 38 1s in the vicinity of the hori-
zontal line H on the hypothetical vertical screen and 1s char-
acterized by greater likelihood that oncoming vehicles or
pedestrians are found. Therefore, the first regions 38a having
a smaller width are subject to meticulous on and off 1llumi-
nation control. Referring also to FIG. 4A, second regions 38¢
and 38d are formed 1n the upper block. As mentioned belore,
the upper portion of the high beam illumination area 38 1s
away Irom the horizontal line H on the hypothetical vertical
screen and 1s characterized by less likelthood that oncoming,
vehicles or pedestrians are found. Therefore, the second
regions are formed with a greater horizontal width than the
first regions to allow simple on and off 1llumination control.
In other words, by using the second regions 38¢ and 384 for
1llumination, the chance of securing a suilicient field of view
in front 1s increased by using a part of the high beam function.

FIGS. 4B-4D illustrate the shape and location of the front
end beam outlets 285 1n the light source units 27a, 275, and
277c. Since the projection lens 26 embodied by a planoconvex
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aspheric lens 1s provided 1n front of the light source units 274,
27b, and 27¢, the 1image projected by the projection lens 26
through the high beam 1llumination area 1s inverted on the
hypothetical vertical screen. Therefore, the front end beam
outlets 285 are provided 1n the light source units 27a, 275, and
27¢ such that the front end beam outlets 286 forming the
second regions are provided in the lower block and the front
end outlets 285 forming the first regions are provided in the
upper block. Referring to FIGS. 4B-4D, the shaded parts
represent parts formed with the front end beam outlets 285
and the other parts are formed with a cover. Since the light
source units 27a, 27b, and 27¢ are located lower than the
center of the projection lens 26 1n the vertical direction, the
high beam light distribution pattern formed on the hypotheti-
cal vertical screen by projection from the high beam 1llumi-
nation area 1s located above the horizontal line H.

FIGS. 5A-3D 1llustrate the shape and location of the front
end beam outlets 285 1n the light source units 27a, 275, and
27¢ according to a variation. In the case of FIGS. 5A-5D, a
portion of a high beam illumination area 40 1s vertically
divided into a plurality of blocks. More specifically, the high
beam illumination area 1s divided into three vertically sepa-
rated blocks 1n a zone corresponding to the vicinity of the
vertical line V on the hypothetical vertical screen. The illus-
trated example also requires that the horizontal width 1s
greater toward the top of the high beam 1llumination area.
Thus, lower regions 40a having a smaller horizontal width are
formed 1n the lowermost block 1n the vicinity of the horizontal
line H on the hypothetical vertical screen where oncoming
vehicles or pedestrians are likely to be found, 1.e., the portion
corresponding to the first regions 38a of FIG. 4A, thereby
allowing for meticulous on and off illumination control. The
upper blocks of the high beam illumination area 40 are
located away from the horizontal line H on the hypothetical
vertical screen and are characterized by less likelihood that
oncoming vehicles or pedestrians are found. Therefore, sec-
ond regions having a greater horizontal width than the first
regions are formed 1n the upper blocks to allow simple on and
off 1llumination control. In other words, by using middle
regions 405 and upper region 40¢ for 1llumination, the chance
of securing a suflicient field of view 1n front of the vehicle 1s
increased by using a part of the high beam function. In the
case of FIG. 5A, the region configured as one of the second
region 1n FI1G. 4A 1s further divided mto two so as to provide
middle regions 405. The horizontal width of the middle
regions 406 1s ensured to be greater than that of the lower
regions 40q, 1.¢., the first regions, and smaller than that of the
upper region 40c. By further partitioning at least one of the
second regions 1nto the middle regions 406 and upper region
40c, more meticulous 1llumination control for reduction of
glare can be achieved than in the structure of FIG. 4A. In other
words, a larger portion of the high beam 1llumination area 1s
ensured to remain turned on to produce a high beam, which
helps securing a suilicient field of view for the driver.

FIGS. 6 A-6D illustrate the shape and location of the front
end beam outlets 285 1n the light source units 27a, 275, and
27¢ according to another variation. In the case of FIGS.
6A-6D, a portion of a high beam illumination area 42 1s
vertically divided into a plurality of blocks, as in FIGS.
5A-5D. More specifically, the high beam illumination area 1s
divided into two vertically separated blocks in a zone corre-
sponding to the vicinity of the vertical line V on the hypo-
thetical vertical screen. The 1llustrated example also requires
that the horizontal width of the upper block of the high beam
illumination area 1s ensured to be greater that of the lower
block. It should be noted, however, that, while the shape of the
second region 38¢ shown 1n FIG. 4A and the shape of the
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upper region 40c shown 1n FIG. SA constituting the second
regions are rectangular, the second region 4256 shown 1 FIG.
6 A has a trapezoidal shape. The trapezoidal shape 1s above an
arca on the hypothetical vertical screen shown in FIGS.
3A-3D where the eyes move trying to catch oncoming
vehicles or pedestrians. As such, the trapezoid matches the
shape of the region 1n which 1t 1s considered unnecessary to
reduce glare. In other words, where the high beam 1llumina-
tion area 42 1s divided 1nto a plurality of vertically separated
blocks including first regions 42a and the second region 425,
glare as experienced by oncoming vehicles or pedestrians 1s
cificiently reduced by turming off one of the first regions 42qa
in the lower block. In other words, by using the second region
42p for illumination, the chance of securing a suificient field
of view 1n front of the vehicle 1s increased by using a part of
the high beam function.

FIG. 7 1s a functional block diagram showing the structure
of a headlamp apparatus controller of the automotive head-
lamp apparatus 50 and of a vehicle controller of the vehicle
incorporating the structure described above. A headlamp
apparatus controller 52 of an automotive headlamp apparatus
50 controls a power supply circuit 38 according to an mstruc-
tion from a vehicle controller 56 1nstalled 1n a vehicle 54 and
subjects the bulb 22 for a low beam 60 or light emitting
devices for a high beam 62 to 1llumination control.

In the case of the embodiment, when an object that requires
reduced 1llumination 1s found 1n the high beam 1llumination
arca while the low beam 60 and high beam 62 are being turned
on, the portion of the high beam illumination area corre-
sponding to the location occupied by the object 1s turned off.
Objects that require reduced illumination include oncoming
vehicles, vehicles in front, or pedestrians that may experience
a glare. In order to control the portion to be turned off, the
vehicle controller 56 uses image data supplied from a camera
64 (c.g. a stereo camera) used as a means for detecting the
object. The 1maging area of the camera 64 substantially
matches the area of the hypothetical vertical screen. If an
image captured by the camera contains feature points indi-
cating a vehicle or pedestrian stored 1n advance, 1t 1s deter-
mined that an object that requires reduced illumination 1s
located 1n the high beam illumination area. Information 1s
provided to the headlamp apparatus controller 52 so as to turn
off the light emitting devices forming an i1llumination area
corresponding to the location occupied by the object that
requires reduced 1llumination. As mentioned before, objects
that require reduced illumination 1n the high beam illumina-
tion area are likely to be located 1n the first regions of the high
beam illumination area corresponding to the vicinity of the
horizontal line H. Therefore, the light emitting devices form-
ing the first regions are mainly subject to 1llumination control.
Means for detecting an object that requires reduced 1llumina-
tion 1n the high beam illumination area may be changed.
Instead of the camera 64, other detecting means such as a
millimeter-wave cloud radar or an infrared radar may be used.
Alternatively, a combination of different detecting means
may be employed.

The vehicle controller 56 may obtain information from a
steering sensor 66, a vehicle speed sensor 68, or a vehicle
height sensor 70, which are normally 1nstalled in the vehicle
54. The controller 56 may perform i1llumination control of the
first and second regions in accordance with the condition of
driving or orientation of the vehicle 54. For example, when 1t
1s Tound that vehicle 1s turning based on the information from
the steering sensor 66, the vehicle controller 56 may auto-
matically perform i1llumination control of the first and second
regions so that the field of view in the direction of turning 1s
improved. Such a control mode will be referred to as turn-
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sensitive mode. Further, when a vehicle 1s driven at a high
speed at night, it 1s preferable that the headlamp 1s turned on
for 1llumination to ensure that oncoming vehicles or vehicles

in front approaching from far ahead, traific signs, or message
boards are noticed as early as possible. In this regard, the 5
vehicle controller 56 automatically turns on the second
regions when 1t 1s found that the vehicle 1s driven at a hugh
speed based on the information from the vehicle speed sensor

68, thereby improving the distant view. Such a control mode
will be referred to as speed sensitive mode. The vehicle height 10
of the vehicle 54 changes depending on the number of people

on board, weight on board, or acceleration or deceleration.
The vehicle may be inclined forward or backward depending

on the acceleration or deceleration. In association with the
variation 1n vehicle height, the light axis 1s shifted vertically. 15
For example, when the light axis 1s shifted upward, oncoming
vehicles or pedestrians may not experience a glare even 1f the
first regions are turned on to produce 1llumination. When the
light axis 1s shifted downward, oncoming vehicles or pedes-
trians may experience a glare even by the illumination from 20
the second regions. The vehicle controller 36 may be config-
ured to address this by accurately keeping track of the orien-
tation of the vehicle 34 based on the information from the
vehicle height sensor 70 along with the information from the
camera 64 so as to perform 1llumination control of the first 25
and second regions more properly. Such a control mode will

be referred to as vehicle height sensitive mode.

In addition, the vehicle controller 56 may obtain informa-
tion on the pattern and formation of the road or information on
traffic signs from a navigation system 72. Obtaining such 30
information 1n advance will enable 1llumination control of the
first and second regions suitable for the road being traveled,
ensuring smooth and proper high beam 1llumination. Such a
control mode will be referred to as navigation sensitive mode.

The vehicle controller 36 1s connected to a light switch 74 35
operated by the driver. The light switch 74 1s a manually
operated switch to turn on and off the low beam 60, and to turn
on and off the high beam 62 while the load beam 60 1s being
turned on. As mentioned before, the vehicle controller 56 may
automatically pertorm 1llumination control of the low beam 40
60 or the high beam 62 in accordance with the conditions
surrounding the vehicle, condition of driving or orientation of
the vehicle 54, or whether there are oncoming vehicles or
pedestrians, irrespective of whether the light switch 74 1s
operated. Such a control mode will be referred to as automatic 45
high beam mode.

The light distribution pattern projected by the above-de-
scribed 1llumination area formed by the headlamp apparatus
controller 52 will be explained 1n detail with reference to FIG.

8, which shows an 1image of the pattern. 50

FIG. 8 1s a transparent view of a low beam distribution
pattern PL and a high beam distribution pattern PH formed by
projecting the i1llumination area formed by the vehicle head-
lamp apparatus 10 onto a position in front of the vehicle (e.g.,
onto the hypothetical vertical screen setup about 25 mahead). 55

As mentioned before, the low beam distribution pattern PL
has a distinct bright-dark border, 1.e., a cut-off line, that
defines the upper limit of the light dlstrlbutlon The cut-off
line marks a border between a bright area below the cut-off
line and a dark area above the cut-oif line. For example, the 60
cut-oif line of an automotive headlamp apparatus of a vehicle
for left-hand traffic includes a right portion CL1, a central
portion CL3, and a left portion CL2. The right portion CL1,
extending horizontally below the horizontal line passing
through the light axis on the right side of the vehicle, and the 65
left portion CL2, extending horizontally slightly above the
right portion on the left side of the vehicle, are joined by the

12

central portion CL3 inclined upward to the lett. The inclina-
tion of the central portion 1s, for example, 45°. As mentioned
betfore, oncoming vehicles, vehicles 1n front, or pedestrians
are located 1n the vicinity of the intersection of the vertical
line V and the horizontal line H and 1n the vicinity of the
horizontal line H on the hypothetical vertical screen. Accord-
ingly, when only a low beam that forms the low beam distri-
bution pattern PL having the above-mentioned cut-oif line 1s
used, it 1s possible to reduce glare as experienced by oncom-
ing vehicles, vehicles 1n front, or pedestrians.

The high beam distribution pattern PH shown 1n FIG. 8 1s
a light distribution pattern formed by projecting the high
beam 1llumination area shown in FIG. 6. Substantially the
central portion of the light distribution pattern 1s divided into
upper and lower blocks, creating a second light distribution
pattern 1005 of a trapezoidal shape and first light distribution
patterns 100a1-100a6 located below the second light distri-
bution pattern 1005 and having a smaller horizontal width
than the second light distribution pattern 1005. Of the first
light distribution patterns 100a1-100a6 of the embodiment,
the first light distribution patterns 100a1, 10042, 10045, and
10046 are formed to include hypotenuses aligned with the
hypotenuses of the trapezoidal shape of the second light dis-
tribution pattern 10056. Further, the patterns 100a1, 10042,
10045, and 10046 have a larger area than the first light distri-
bution patterns 100a3 and 100a4 near the mtersection O of
the vertical line V and the horizontal line H. As mentioned
before, the apparent size, on the hypothetical vertical screen,
of an oncoming vehicle or pedestrian located in the vicinity of
the intersection O grows as the vehicle or pedestrian
approaches the driver’s vehicle. Accordingly, the size of the
first light distribution patterns 100q 1s increased 1n steps from
the center toward the sides so as to adapt to the variation in the
apparent size ol an oncoming vehicle or pedestrian as 1t
approaches the driver’s vehicle. By variably sizing the first
light distribution patterns, the number of times that the light
sources are required to be turned off for reduction of glare 1s
reduced. In other words, on and off 1llumination control of the
first regions 1s stmplified. If the size of an oncoming vehicle or
pedestrian detected by, for example, the camera 64 1s larger
than the size of one of the first light distribution pattern 100aq,
on and oif illumination control of the first regions may be
performed such that a plurality of first light distribution pat-
terns 100a are simultaneously turned off.

As shown 1n FI1G. 8, the end light distribution patterns 100c¢
at the ends of the high beam distribution pattern PH are not
divided into a plurality of blocks. As can be seen 1n FIG. 8, the
end light distribution patterns 100c¢ are a region characterized
by less likelthood that oncoming vehicles or pedestrians are
located, as 1n the case of the second light distribution pattern
10056. Theretore, the end light distribution patterns 100c¢ are
assumed not to require being frequently turned on and off
while ahi gh beam 1s being used and so 1s subject to simplified
on and oil control. The end light distribution patterns 100c¢
may be integrated with the second light distribution pattern
1005 so as to form a single second region subject to 1llumi-
nation control.

A description will be given of a procedure for controlling
the automotive headlamp apparatus 10 configured to form
such light distribution patterns.

When the vehicle controller 56 detects that the light switch
74 1s operated indicating that the driver requests the low beam
60 be turned on, the controller 56 supplies an nstruction
requesting the headlamp apparatus controller 52 to turn the
low beam 60 on. The headlamp apparatus controller 52 con-
trols the power supply circuit 38 according to the mstruction
thus received so as to supply a predetermined voltage to the
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low beam lamp unit 16 to turn the low beam 60 on and create
a low beam illumination area. The low beam distribution
pattern PL as shown in FIG. 8 1s projected so as to secure a
suificient field of view for the driver by the low beam 60
1llumination.

When the light switch 74 1s operated while the low beam 60
1s being turned on so that the vehicle controller 56 receives an
instruction to turn the high beam 62 on, the vehicle controller
56 supplies an instruction requesting the headlamp apparatus
controller 52 to turn the high beam 62 on. The headlamp
apparatus controller 52 controls the power supply circuit 58
according to the istruction thus received so as to supply a
predetermined voltage to the high beam lamp units 18 to turn
the high beam 62 on and create a high beam 1llumination area.
The high beam distribution pattern PH as shown 1n FIG. 8 1s
projected so as to secure a sullicient field of view for the driver
by the high beam 62 1llumination.

In this process, the vehicle controller 56 obtains, at least
from the camera 64, information related to an image on the
hypothetical vertical screen 1n front of the vehicle 54 and
supplies the information thus obtained to the headlamp appa-
ratus controller 52. Upon obtaining the information from the
camera 64 via the vehicle controller 56, the headlamp appa-
ratus controller 52 determines whether an object that requires
turning oif a part of the high beam distribution pattern PH 1s
found 1n the information. This 1s to determine whether an
object, such as an oncoming vehicle, vehicle 1n front, or
pedestrian, that requires reduction of glare 1s found in the
information obtained. A well known method may be
employed for detection of an object. For example, feature
points indicating the features of an ongoing vehicle, vehicle
in front, or pedestrian may be stored 1n advance. If the infor-
mation obtained by the camera 64 contains feature point
information, it 1s determined that a target object 1s located 1n
the high beam distribution pattern PH. The power supply
circuit 58 1s controlled so as to turn a portion of the high beam
62 off, 1.e., to turn off a high beam illumination area corre-
sponding to the portion 1n the high beam distribution pattern
PH occupied by the object. As a result, glare as experienced
by the object 1s reduced. Such a control mode will be retferred
to as glare reduction mode for high beam 1llumination. In this
case, those first regions that project at least one of the first
distribution patterns 1004a1-100a6 will be primarily turned
off. In the case of an oncoming vehicle or pedestrian, the
relative distance between the driver’s vehicle traveling and
the object changes. As the object approaches driver’s vehicle,
the object moves leftward or rightward along the horlzontal
line H on the hypothetlcal vertical screen. The headlamp
apparatus controller 52 1s capable of detecting the movement
of the object by referring to the information from the camera
64 and so selects from the first distribution patterns 100a1-
100a6 according to the movement of the object and sequen-
tially turns oiff the selected patterns. As a result, glare as
experienced by the oncoming vehicle, vehicle 1 front, or
pedestrian 1s reduced even 1if the high beam 62 1s turned on.
Further, distant areas where glare reduction 1s not a concern
continues to be i1lluminated brightly by the high beam 62.
Consequently, the field of view 1s properly secured for the
driver.

Meanwhile, the area 1lluminated by the second light distri-
bution pattern 10056 1s characterized by less likelihood that
objects that requires reduction of glare, such as oncoming
vehicles, vehicles in front, or pedestrians, are located and so
do not require frequent on and oif control. The second light
distribution pattern 10056 1lluminates an overhead sign region
above the horizontal line H on the hypothetical vertical
screen. An overhead sign region 1s defined as a region where
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there are objects that should desirably be noticed by the driver
while driving (e.g., traffic signs located above the horizontal
line on the hypothetical vertical screen set up at, for example,

25 m ahead of the vehicle). An overhead sign region 1s defined
about 2°-4° above the horizontal line. Thus, according to the
automotive headlamp apparatus 10 of the embodiment, areas
to be 1lluminated for the driver to perceive tratlic signs, etc.
continues to be brightly 1lluminated to secure suflicient field
of view for the driver, while reducing glare as experienced by
an object. Such a control mode will be referred to as overhead
sign region detection mode.

The above description assumes that the driver operates the
light switch 74 to turn the high beam 62 on. Alternatively, the
high beam 62 may be automatically turned on for 1llumina-
tion control directed to reduction of glare, wrrespective of
whether the light switch 74 1s operated.

Still alternatively, 1n association with the turning on of the
low beam 60, only the second region of the high beam 62 may
be additionally turned on, providing only the second light
distribution pattern 1006 for illumination. In this case, the
overhead sign region only vaguely 1lluminated by the low
beam 60 1n the related art 1s 1lluminated brightly by using a
part of the high beam function. Therefore, the front view 1s
improved for the driver regardless of the presence of oncom-
ing vehicles, vehicles in front, or pedestrians. In other words,
the upper portion of the hypothetical vertical screen where
information usetul for the driver abounds can be 1lluminated
brightly. In this case, glare as experienced by oncoming
vehicles, vehicles 1n front, or pedestrians 1s reduced because
the first regions are turned oif. Since the second region remain
turned on 1n association with the turning on of low beam
1llumination and does not require meticulous 1llumination
control, 1llumination control 1s simplified. Illumination by the
second region may be turned on automatically in association
with the turning on of low beam illumination. Alternatively,
only the second region may be turned on according to the
driver’s operation.

Thus, according to the embodiment, glare as experienced
by oncoming vehicles, vehicles 1n front, or pedestrians 1s
reduced even when a high beam 1s used for illumination.
Therefore, a high beam can be used where 1t has not been
frequently used 1n the related art (e.g., on city streets) without
being serious concerned about the outcome. Thus, the func-
tion of the automotive headlamp apparatus can be fully taken
advantage of.

Further, when a vehicle 1s driven at a high speed on a road
exclusively for vehicles (e.g. a highway), bright distant 1llu-
mination 1s desired. The embodiment addresses such a need
by allowing only some of the first regions of the high beam 62
to be turned on. By turning on the first regions so as to project
only the first light distribution patterns 100a3 and 100a4 of
FI1G. 8 located toward the center, 1llumination control for
illuminating areas characterized by the need for securing
suificient field of view during high-speed driving 1s possible.
In other words, 1llumination control 1n a motorway mode 1s
possible. In this case, areas requiring illumination are mini-
mally 1lluminated so that lighting control that meets energy
saving requirements 1s achieved. Since the motorway mode 1s
achieved only by turning on selected first regions of the high
beam 62, glare as would be experienced by oncoming
vehicles 1s reduced.

In the event that an object 76 (e.g., a pedestrian) that
requires reduced illumination 1s located in the high beam
distribution pattern PH, as shown 1n FIG. 9A, 1llumination
control 1s performed whereby only the first light distribution
pattern 100a6 corresponding to the location occupied by the
object 76 1s turned off, as shown in FIG. 9B. Accordingly, the
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location would stand out 1n the view of the driver, looking like

a black hole 1n the background of brightly 1lluminated area.
The 1llumination 1s turned off because the object 76 requiring
such a measure 1s located there and so can let know the
presence of some object there. However, the driver may feel 5
uneasy 11 1t 1s difficult to know what 1s there. The embodiment
addresses the concern by using an overhead display 78 (see
FIG. 7) or the like to superimpose an image 82, indicating the
presence of the object 76, 1n the direction to be 1lluminated by
the first region 42a turned off, 1.e., in the direction of the first 10
light distribution pattern 100a6 as viewed from the driver. A
real image (the object 76) obtained when noticing the object

76 may be used as 1t 1s as an 1mage 80 superimposed on the
hypothetical vertical screen. Alternatively, an 1image of a
pedestrian or vehicle may be created based on a real image 15
obtained. Still alternatively, selection may be made from
images prepared based on results of detecting the object 76 so
that the selected 1mage 1s superimposed. The image displayed

on the overhead display 78 may not correspond to the actual
pedestrian or vehicle. For example, the image may be a mark 20
or character that draws the attention of the driver. As men-
tioned before, the apparent size of the object 76 grows as 1t
approaches the driver’s vehicle. When the image 80 corre-
sponding to the object 76 1s displayed on the overhead display
78, the driver may feel disturbed 1t the size of the image 80 25
does not change 1n association with the change 1in the object
s1ize. Varying the image 80 on a realtime basis would also
impose a heavy load for image processing. Meanwhile, by
using a mark or character for the image 80, the driver will be
less likely to feel disturbed even if the size or sharpness 30
thereol remains unchanged. Using a mark or character also
has an advantage of letting the driver know the presence of the
object 76 using 1mage processing that 1s easy to perform. It
would help draw the driver’s attention if the display of the
image 80 1s complemented by making an announcement such 35
as “there 1s a pedestrian 1n an area without light” 1n a manner
that the driver does not feel bothered. The control mode
wherein the image 80 1s displayed or an announcement 1s
output will be referred to as an object detection mode.

Formation of the high beam distribution pattern PH by 40
combining the first light distribution patterns and the second
light distribution pattern 1s described above by way of
example. In other words, a plurality of high beam lamp unaits
18 are described as being used to form a high beam 1llumi-
nation areca by combining the first and second regions. In 45
contrast, a single high beam lamp unit 1s used in the example
shown 1n FIG. 10.

An automotive headlamp apparatus 110 shown in FIG. 10
comprises a single low beam lamp unit 16 and a single high
beam lamp unit 112. The aspects of the structure other than 50
the high beam lamp unit 112 may be the same as those of the
automotive headlamp apparatus 10 shown 1n FIG. 1. There-
fore, like numerals represent like components and the
description thereof 1s omitted.

The lamp body 12 and the transparent cover 14 of the 55
automotive headlamp apparatus 110 form a substantially
sealed space. Inside the space are provided a single low beam
lamp unit 16 and a single high beam lamp unit 112. The low
beam lamp unit 16 and the high beam lamp unit 112 form
illumination areas projecting predefined light distribution 60
patterns onto a hypothetical vertical screen located at the
distance of, for example, 25 m ahead on a traific road and
including a vertical line V and a horizontal line H.

The high beam lamp unit 112 comprises a projection lens
26 and a holder 30. The holder 30 holds the projection lens 26 65
at 1ts front and supports at 1ts back a device substrate 32
connected to a heat sink plate 34. One or a plurality of light
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emitting devices are provided on the device substrate 32.
Between the projection lens 26 and the device substrate 32 1s
provided a shielding member 114 that selectively shields light
emitted from the device substrate 32 so as to ensure that only
a desired light distribution pattern 1s prevented from being
projected as shown 1n FIG. 9B. For example, a liqud crystal
filter may be used as the shielding member 114. FIG. 11
shows an example of a shuelded region 114a formed by the
shielding member 114. The shielded region 104a may com-
prise substantially the same shapes as the first regions 42 and
the second region 426 formed by the front end beam outlets
28b of the light source units 27a, 275, and 27¢ shown 1n FIG.
6. For example, to prevent a portion of the high beam distri-
bution pattern PH from being projected as shown in FIG. 9B
for reduction of glare, the shielding member 114 may be
controlled to form the corresponding shielded region 114a. If
a liquid crystal filter 1s used as the shielding member 114, a
shielded portion may be formed easily by voltage control. In
this case, devices on the device substrate 32 need not be
turned off for reduction of glare and may remain turned on
while a high beam 1s being used. Thus, extra control of the
light emitting sources 1s not necessary and the light sources
are controlled easily in a mode when the high beam 1s turned
on. If a liquid crystal filter 1s used as the shielding member
114, the shape of the shielded area may be arbitrarily config-
ured. Therefore, 1llumination areas as shown in FIGS. 4A and
5A are easily formed. In other words, i1llumination areas
adapted for the usage are formed.

In describing the structure shown in FIGS. 1 and 2A-2C, a
high beam 1llumination area 1s assumed to be produced by
using a plurality of light source units 27 as combined, by way
of example. Alternatively, the light source umits 27 may be
omitted so that light emitting devices having the shapes of the
first and second regions may be directly provided on the
device substrate 32. This has an advantage of simplifying the
structure of the high beam lamp unit 18. Such an approach
will, however, likely produce a border line between elements
of respective shapes. Therefore, it 1s desirable that a light
emitting device or filter be provided as needed for reduction
or prevention of a border line.

A single high beam lamp unit 18 and three high beam lamp
units 18 are described as forming the high beam 1llumination
area according to the embodiment. The number of high beam
lamp units 18 1s arbitrary and may be appropriately selected in
accordance with the number of first and second regions to be
formed, while still providing the same advantage as the
embodiment as described.

The high beam 1llumination 1s described as being divided
into two or three vertically separated blocks. The number of
partitions may be changed as needed. The number of parti-
tions 1n the width direction may also be changed as needed.
By dividing the portion of the high beam 1llumination area
where an object 1s likely to be found 1nto smaller 1lluminated
regions, more meticulous control for prevention of glare can
be performed.

The embodiment described above 1s non-limiting and it
will be obvious to those skilled in the art that various modi-
fications could be developed based upon the knowledge of a
skilled person. The components shown 1n the drawings are
intended to be illustrative only and may be modified as
needed and still provide the same advantage, provided that the
components achieving the same function are used.

What 1s claimed 1s:

1. An automotive headlamp apparatus comprising:

a light source for producing a high beam; and

a controller for controlling the 1llumination from the light

source, wherein
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given that at least a portion of a high beam 1llumination area
illuminated by the light source 1s vertically divided into
a plurality of blocks, the controller controls 1llumination

from the light source such that a plurality of first regions

having a predetermined horizontal width are formed at

least 1n some of the blocks toward the bottom, and that a
second region having a greater horizontal width than the
first regions 1s formed 1n the block toward the top, and

wherein the controller 1s operative to control 1llumination
from the light source such that when an object that
requires reduced 1llumination 1s found 1n the high beam
illumination area, the portion of the high beam 1llumi-
nation area corresponding to the location occupied by
the object 1s turned off.

2. The automotive headlamp apparatus according to claim

1, wherein

the controller controls 1llumination from the light source
such that the first and second regions are formed so as to
include the vicinity of the center of the high beam 1llu-
mination area 1lluminated by the light source.

3. The automotive headlamp apparatus according to claim

1. wherein

the controller controls 1llumination from the light source
such that the high beam illumination area corresponds to
an overhead sign region.

4. The automotive headlamp apparatus according to claim

1. wherein

the controller turns on the second region while a low beam
1s being turned on so as to add to the low beam.
5. The automotive headlamp apparatus according to claim

3, wherein

the controller turns on the second region while a low beam
1s being turned on so as to add to the low beam.
6. The automotive headlamp apparatus according to claim

1. wherein

the controller turns on the vicimty of the center of the first
regions while a low beam is being turned on so as to add
to the low beam.

7. The automotive headlamp apparatus according to claim

1. wherein

the controller controls 1llumination from the light source
such that the size of the first regions 1s increased 1n steps
from the center toward the sides.

8. The automotive headlamp apparatus according to claim

1, wherein

the light source comprises a plurality of individual light
sources adapted to form the first and second regions
individually, and

the controller produces the high beam illumination area by
individually controlling the individual light sources.

9. The automotive headlamp apparatus according to claim

1. wherein
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the controller controls, when a vehicle 1s turning, 1llumi-
nation from the light source such that the first and second
regions are formed 1n the direction of turning.

10. The automotive headlamp apparatus according to claim

5 1, wherein
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the controller controls illumination from the light source
such that the first and

second regions are formed 1n accordance with the forward
or backward inclination of a vehicle.
11. The automotive headlamp apparatus according to claim

1, wherein

the controller controls illumination {from the light source
such that the first and second regions are formed in
accordance with information obtained from a navigation
system or a camera.

12. The automotive headlamp apparatus according to claim

1, wherein

the controller controls illumination from the light source
such that the end portions of the high beam 1llumination
area are integrated with the second region.

13. The automotive headlamp apparatus according to claim

1, wherein

the controller forms the first and second regions by using a
liquad crystal filter to variably shield light from the light
source.

14. A method of controlling an automotive headlamp appa-

ratus for controlling 1llumination from a light source for pro-
ducing a high beam, comprising;:

vertically dividing at least a portion of a high beam 1llumi-
nation area 1lluminated by the light source into a plural-
ity of blocks;

controlling 1llumination from the light source such that a
plurality of first regions having a predetermined hori-
zontal width are formed at least in some of the blocks
toward the bottom, and that a second region having a
greater horizontal width than the first regions 1s formed
in the block toward the top; and

when an object that requires reduced 1llumination 1s found
in the high beam illumination area, the portion of the
high beam illumination area corresponding to the loca-
tion occupied by the object 1s turned off.

15. The method according to claim 14, wherein

an 1mage indicating the presence of the object 1s displayed
superimposed in the direction, as viewed from the driver,
to be 1lluminated by the region turned off

16. The method according to claim 15, wherein

when the image 1s displayed superimposed, an audio
announcement 1s made to let know that the object that
requires reduced illumination 1s found.
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